Background Aggressive medical management of cancer patients at the end of life (EOL) is an indicator of health services quality. We evaluated the variations in EOL cancer therapy utilization and in acute care hospital deaths across different types of cancer within the setting of a regionalized cancer program. Methods Intravenous chemotherapy and radiotherapy use within the last 14 and 30 days of life was identified through the Alberta Cancer Registry and then verified by chart review for cancer decedents residing within 50 km of the Tom Baker Cancer Centre between 2003 and 2010. Multivariable logistic regression was used to examine variations in outcomes of interest by cancer, adjusting for age and other factors in prespecified models.
Background
In BThe Quality of Death: Ranking End-of-life Care across the World^report published in 2010, the Economist Intelligence Unit remarked that Bthe 'medicalisation' of death in Canada has engendered a culture where many people are afraid to raise the topic of death^ [1] . This Bmedicalisation^can be seen in the growing intensity and aggressiveness of care involving cancer therapies and acute care services for cancer patients near the end of life. Cancer therapies, such as chemotherapy and radiotherapy, are typically delivered within prescribed protocols, with adverse effects deemed tolerable among patients with adequate functional performance or physiologic reserve for physical recovery. But for those with end-stage disease, when management goals are geared towards symptom control and comfort, the burden of treatment logistics and side effects can be profound and can adversely impact the quality of life.
Indicators of aggressive end-of-life cancer care and their benchmarking for health system performance were first proposed by Earle et al. [2, 3] . Overly aggressive care is evident when measures such as chemotherapy given within last 14 days of life, new chemotherapy initiated within last 30 days of life, and acute care hospital death exceed benchmarks. Those metrics have been expanded to include end-of-life radiotherapy and they allow examination of variations in their utilization across regions and practice types in the USA [4] [5] [6] [7] . Observations have also been reported for cancer decedents in Ontario between 1993 and 2004, where variations in the aggressiveness of therapies and services were observed across five cancer types, with a trend towards increasing end-of-life chemotherapy over time [8] .
Oncology practice in Canada often involves multidisciplinary care teams (as Btumor groups^or Bdisease site groups^), and clinical practice guidelines are usually concerned with treatment indications for the average well patient, but relatively limited in scope for the highly heterogeneous palliative cancer population. Decisions to initiate or continue cancer therapies in this setting may be driven by perceived rather than established needs and benefits, which could lead to unwarranted variations in intensity and aggressiveness of care. Thus, we were first interested in examining the use of end-of-life cancer therapy and location of death for cancer patients managed through our regional program, and second, we evaluated variations in those outcomes across a broad range of cancer types, controlling for some relevant factors. Confirmation of variations in the intensity of end-of-life care among different cancer types would be informative to multidisciplinary practices and facilitate attention on practice culture.
Materials and methods
Health system and study setting Alberta has a multicultural population with 20 % visible minority and aboriginal population (Canada 2006 Census). Two provincial comprehensive cancer centers provide services for adult malignancies to a population of 3.5 million residents, one of them in Calgary (Tom Baker Cancer Centre, TBCC). TBCC processes about 5000 incident cancers per year, the majority via outpatient visits for assessment and medical treatment coordinated within multidisciplinary groups comprised of medical specialists and other health professionals, for which practice guidelines are developed and maintained [9] . However, palliative care specialists are not an integral part of each multidisciplinary team in the outpatient setting; rather, specialized palliative clinics (mainly for pain and symptom management) run separately from subspecialized tumorspecific clinics. This study was conducted solely within the TBCC practice environment given data availability and that standards were not yet in place to allow for province-wide comparison. This study was approved by institutional review board (Alberta Cancer Research Ethics Committee no. 25968).
Inclusion and exclusion
This is a retrospective health services study of decedents deemed to have cancer as the main cause of death between Jan 2003 and Dec 2010. Cases over 18 years of age at time of cancer diagnosis were included, regardless of cancer stage at diagnosis, if the residence of death or last known postal code were within 50 km driving distance from TBCC, and their deaths were located in the Calgary region, in order to limit variations in utilization due to geographic distance [10] . For the planned analyses, cases without cancer clinic registration and rapidly fatal disease (cancer diagnosed within 1 month of death) were excluded. Supplementary Fig. 1 summarizes the selection.
Data sources and verification
The Alberta Cancer Registry (ACR) is a provincial cancer registry with gold certification yearly by the North American Association of Central Cancer Registries [11] , maintained by the Cancer Management Outcomes Research and Evaluation, which also collects administrative data for service delivery through provincial cancer care electronic medical records. ICD-10 cause-of-death (vital statistics report) is recoded where additional information is available to the ACR coder and matched to registry ICDO-3 diagnosis (99 % match to cancer site fine level). The ACR performed retrieval of all recorded cancer decedents for this study in October 2012, along with their radiotherapy and medical day care appointments within 30 days of death. For those cases with medical day care treatments (i.e., systemic therapy), delivery of intravenous chemotherapy agents was further verified through TBCC pharmacy dispensary records. (Only intravenous therapies, including classical cytotoxic agents as well as monoclonal antibodies and proteasome inhibitors, were included because of their expected toxicities and/or demand on health system resources for administration.) Radiotherapy treatment delivery were verified through treatment planning and electronic records for treatment volume, fractions prescribed, and course completion. Chemotherapy delivered through any of the three acute care facilities in Calgary was queried through data linkage with hospital patient clinical information databases (SCM) and regional data management department (DIMR), using provincial unique health identifier. This linkage also provides data on acute care admissions before death.
Variables and outcomes of interest
The primary outcomes of interest in the study include end-oflife (defined as within 14 days of death) chemotherapy and radiotherapy utilizations (two separate outcomes) and death occurring in acute care facility (hospital death). Secondary outcomes include new chemotherapy within 30 days of death, any chemotherapy within 30 days of death, and radiotherapy within 30 days of death. Independent variables (covariates) included cancer type, age at death, year of death, sex, disease duration, and comorbidity as known predictors [8, 12] ; in addition, acute care admission within 14 days of death was included as a covariate (yes/no) to approximate clinical acuity. Registry cancers (73 sites) were recategorized into common cancer types and their respective multidisciplinary tumor groups. Disease duration, potentially a marker of aggressive or advanced disease, was measured as time between date of cancer diagnosis and date of death. Comorbidity was represented using the Deyo adaptation of the Charlson comorbidity score, which looks at the last year of all inpatient/emergency admissions and diagnosis data [13, 14] . Registry coding of collaborative cancer stage (as opposed to clinical cancer stage) was still undergoing implementation during the study period and not sufficiently complete for inclusion as a covariate.
Statistical analysis
Outcomes and covariates were summarized by tables and frequency distributions for categorical and continuous variables as appropriate. Variations in primary outcomes by cancer type were examined in prespecified multivariable logistic regression models. For end-of-life chemotherapy and end-of-life radiotherapy outcomes, the seven covariates of interest were cancer type, age, disease duration, sex, comorbidity, acute care admission, and year of death. For modeling of hospital death outcome, the same covariates were used, except that acute care admission before death was replaced by exposure to end-of-life therapy (chemotherapy and/or radiotherapy) to examine for association. Apart from the hypothesized cancer type effect on outcomes of interest independent of prespecified covariates, no additional hypothesis was tested; statistical inferences are presented and interpreted based on multivariable model point estimates (odds ratios, OR) and 95 % confidence limits (CL). Computed results are rounded to two scientific digits in the text for simplicity. Because of low event rates and numerous covariate levels, Firth's penalized likelihood method was used to correct for small sample bias in the end-of-life chemotherapy and radiotherapy models. The absence of interaction between cancer type and age was confirmed within respective models; no other interaction was prespecified for testing. Model goodness-of-fit was checked using Hosmer-Lemeshow partitioning. Statistical analyses were performed using SAS 9.2 (SAS Inc., Cary, NC).
Results

Decedents' characteristics
Between 2003 and 2010, 9863 decedents met the study inclusion criteria, with a mean age of 70 years at time of death and a slight preponderance towards male deaths. The top five cancer causes of death by tumor groups were gastrointestinal (27 %), lung (24 %), genitourinary (11 %), hematologic (9.1 %), and breast cancer (8.8 %). Twenty-nine percent (2907/9863) of all decedents were diagnosed between 1 and 6 months before death. The characteristics of decedents and their respective outcomes are summarized in Table 1 (outcomes by 18 cancer types are provided in Supplementary Table 1 ).
End-of-life cancer therapy and location of death Of the medical day care treatment encounters identified through administrative records, only 64 % were verified to have received chemotherapy. Including acute care in-patient records of chemotherapy use (n=65), the overall end-of-life chemotherapy utilization was 3.0 % (296/9863). The use of a new chemotherapy agent within 30 days of death was 2.2 % (220/9863), while any chemotherapy with 30 days of death was 6.3 % (622/9863).
End-of-life radiotherapy use was accurately captured through administrative data in 95 % of cases, giving a rate of 4.6 % (458/ 9863); radiotherapy use within 30 days of death was seen in 10 % (988/9863). The most common indication for radiotherapy was metastatic bone disease, followed by lung/mediastinal disease and brain metastases. Seventy-five percent of end-of-life radiotherapy prescriptions involved multiple fractions of treatments (almost always five or more fractions), but only 66 % of all prescribed treatment volumes were completed as planned. The characteristics of radiotherapy are summarized in Table 2 . Trends over the 8-year study period and by age for different cancer types for end-of-life chemotherapy and end-of-life radiotherapy are shown in Supplementary Figs. 2-5 .
Forty-four percent (4362/9863) of decedents required acute care admission within 14 days of death. With respect to the location of death, the majority occurred in hospice facilities (41 %, 4074/9863) and in acute care hospital setting (34 %, 3355/9863). Nineteen percent (1902/9863) of the decedents had died at home and the remainder in long-term care (Table 1) .
Variations in end-of-life cancer therapy and hospital death across cancer types
The variations in end-of-life chemotherapy and radiotherapy use across cancer types, controlling for age, disease duration, and other covariates, are shown in Figs. 1 and 2 . Compared to other cancers, breast cancer (OR 3.3, CL 1.8-6.1), lymphomamyeloma (OR 3.3, CL 1.9-6.1), and gynecological cancers In both multivariable models, acute care admission is strongly associated with (OR 2.6, CL 2.0-3.4 and OR 6.0, CL 4.7-7.7, respectively) end-of-life cancer therapy. Younger age and decedents with a short duration of disease (1-6 months) are also more likely to be given cancer therapy at end-of-life. Higher comorbidity scores were associated with less end-of-life radiotherapy. Male decedents are more likely than female to have undergone end-of-life chemotherapy (OR 1.3, CL 1.01-1.8). A trend towards a reduction of end-of-life radiotherapy in the second half of the study (2007-2010) can be appreciated (OR 0.86, CL 0.71-1.05), but no time period effect is apparent for end-of-life chemotherapy.
The effects of cancer type and covariates on hospital death are presented in Fig. 3 . Most cancer types show similar tendencies towards hospital death, the exception being a strong tendency among hematological cancer decedents to die in hospital (leukemias OR 3.0, CL 2.2-4.0; lymphomas-myelomas OR 2.2, CL 1.7-2.8). Notably, exposure to either chemotherapy or radiotherapy at end-of-life occurred in 7.4 % (732/9863) of the decedents; this factor is the strongest predictor for dying in hospital (OR 5.1, CL 4.3-6.0). Seventy-seven percent (566/732) of the end-of-life cancer therapy occurred during hospital admission or within close temporal proximity of each other (both events occurring within 2 weeks of death); rarely did the decedents receive both chemotherapy and radiotherapy (0.2 %, 22/ 9863). Older patients were less likely to die in hospital (OR 0.83, CL 0.80-85, per decade increase). Higher comorbidity scores increased the probability of hospital death. A modest time trend was observed, with a lower tendency towards hospital deaths in the second half of the study period (OR 0.80, CL 0.73-0.88). One prescription per radiotherapy volume of treatment; some patients require multiple volumes of radiotherapy for symptom palliation
Summary of findings and interpretation
In this health services evaluation of end-of-life cancer care at an urban Canadian tertiary referral center, we found that while end-of-life chemotherapy and end-of-life radiotherapy rates were low (3.0 and 4.6 %, respectively), the rate of new chemotherapy use in the final month of life (2.2 %) and the rate of hospital death (34 %) suggest that end-of-life care was still aggressive. The rate of end-of-life chemotherapy for deaths between 2003 and 2010 in our study is comparable to that reported for Ontario (2.9 % end-of-life chemotherapy by 2004) [8] , but variations in the utilization of cancer therapy were considerable across different cancer types and the variations were independent of other relevant variables. End-of-life cancer therapy is itself a Fig. 1 Multivariable logistic regression of factors associated with end-oflife chemotherapy. Age as continuous variable, OR 0.66 per decade increase. Comorbidity score missing for two cases; Comorbidity B2ĉ overs scores 2 to 8. Cancer CNS has zero EOL chemo event (OR= 0.05, 95 % Cl <0.001 to 0.37). Cancer GI CR colorectal and anus; GI HP hepatobiliary and pancreas; GI Oth upper GI and other GI cancers; Gyne ovarian, cervical, uterine, and other female genital organs; H&N head and neck; He.Leuke hematology leukemias; He.Ly-Myel hematology lymphomas, myelomas, and immune disorders; Dis_ Duration disease duration from date of initial cancer diagnosis to date of death; Acute_Care admission to acute care facility within 14 days of death; H-L Hosmer-Lemeshow goodness-of-fit test; cov covariates; df degrees of freedom Fig. 1 for abbreviations strong predictor of hospital death. Even though the rate of dying in acute care facility appears lower than the national average of 45 % reported for 2011-2012 [15] , the 34 % rate of hospital-based death is far from the expressed preference by Albertans to spend end-of-life care at home (71 % preferred to be at home near death; 7 % preferred hospital) [16] . The observation that 44 % of decedents requiring acute care hospitalization within 2 weeks of death is concerning for unmet needs among palliative cancer outpatients.
We observed a two-to threefold increase in end-of-life chemotherapy use among breast, hematologic, and gynecological cancers compared to other tumor groups. As Wennberg et al. propose [17] , if these variations reflect genuine differences in the informed care preferences of the patients, they may be considered warranted. But based on Wilson et al. [16] , one would surmise there are gaps between treatment intensity and end-of-life preferences in our practice, gaps that are not explained by age, comorbidity, and apparent acuity as demonstrated in the multivariable models. The observed variations in end-of-life cancer therapy in this regional cancer program may be unwarranted, and there are strong ethical [18] and economic [19] motivations for closer examinations of practice patterns and decision making processes. In addition, such variations are a source of concern for future cancer management, if they are driven by supply-sensitive care. As new discovery research and drug developments continue, more systemic agents will become available as usual care to the various multidisciplinary tumor groups (most recently, tyrosine kinase inhibitors of various molecular targets). A likely consequence would be an increase in cancer therapy use (and not limited to chemotherapy) in the palliative and end-of-life setting; that is, a normalization of aggressiveness in end-of-life cancer care. In some respects, the notable overprescription of radiotherapy fractions in our study (34 % of prescriptions failed to finish as intended) may be a reflection of that normalization. Such overprescription of radiotherapy has been observed elsewhere [6, 7] and raises further questions about the supply-sensitive nature of clinical decision making and prescription choices near end-of-life.
We also observed a high acute care admission rate (44 %) before death and a strong association with end-of-life cancer therapy during admission. While further studies are needed to evaluate the nature of the acuity or distress leading to acute care admissions, judicious use of survival prediction tools and prognostic factors, such as those recommended by the European Association of Palliative Care [20] , may help identify patients in the final weeks of life for more thorough evaluation of palliative care needs. Decline in performance status over repeated clinic visits [21] may serve as a trigger for reevaluation of goals of therapy and transition to end-of-life care among palliative outpatients. Engagement with patient and family in advance care planning is vital to facilitate their understanding of prognosis, to review their end-of-life preferences, and to manage their expectations, including issues of continuity, treatment discontinuation, and closure [22] [23] [24] .
A modest time trend was observed towards fewer hospital deaths after 2007 in our study. The time period corresponds to new hospice facilities and initiatives in goals of care designation in acute care. With accumulating evidence towards integrating palliative care services in the ambulatory oncology setting [25, 26] , future cancer services should see tangible benefits from coordinated efforts to integrate palliative care principles within multidisciplinary tumor group structures. Our group has reported a reduction in end-of-life radiotherapy use after an integrated palliative oncology clinic became available for patients with newly diagnosed brain metastases [27] . In addition to reviewing prognosis, treatment goals, and 
Study limitations
Our study was conducted on decedents managed in an urban, tertiary cancer care setting, and the results are not necessarily representative of rural populations. Clinical factors such as disease extent, prior therapies, symptom distress, and goals of care designation were not determined, and patient heterogeneity has not been described by such factors. As such, the clinical indications and appropriateness of cancer therapy or acute care admission could not be ascertained. The observed chemotherapy use in acute care facilities was low (0.6 %) but may be underreported by the hospital data management system before electronic drug ordering was implemented in 2007. End-of-life chemotherapy delivery rate, upon verification, was 35 % lower than that identified through administrative data query. To extend our study province-wide, efforts to integrate data from hospital pharmacy, cancer clinic pharmacy, and other parts of cancer services will be essential. Other indicators of aggressive end-of-life care, such as repeated emergency room visits, admission to ICU, and repeated hospital admissions in the final month of life, are being examined. Those results, including the potential impact of prior palliative care consultations and community palliative home care exposure before the final month of life, will be reported separately.
Conclusions
Cancer patients interact with a highly specialized and intervention-oriented health care system. End-of-life care is often medicalized and intense, and variations in that intensity among different types of cancer may be unwarranted. Multidisciplinary cancer teams are positioned to guide a complex and evolving cancer care program, but enhancement of palliative care training and integration of palliative services are needed to help maintain the balance between interventional and comfort measures in patients through the final phases of their cancer journey.
